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PROGRESS  REPORT 

(Period  September  1,  1983  through  March  15,  .1984) 


General  description  of  the  work  in  progress 


The  study  of  the  short-term  (1  min  -  6  hrs)  effect  of  DFP  on  acetylcholine 
metabolism  and  synthesis,  pupillary  function  and  acetylcholinesterase  inhibi¬ 
tion  has  been  completed.  A  summary  of  the  results  obtained  have  been  included 
in  the  previous  progress  report  of  September  1,  1983.  The  full  paper  describ¬ 
ing  these  experiments  has  been  accepted  for  publication  in  Neuropnarmacology 
(see  Appendix  I). 

In  the  next  part  of  our  study  we  have  investigated  the  kinetics  of  the 
high  affinity  choline  uptake  (HACU)  and  low  affinity  choline  uptake  (LACU) 
system  in  the  densely  cholinergic  innervated  albino  rat  iris.  The  ionic 
requirements,  temperature  sensitivity,  and  pharmacology  of  the  system  were 
determined.  The  manuscript  describing  these  results  is  in  preparation. 

A  summary  of  these  results  is  reoorted  in  the  following  section.  In  addi¬ 
tion,  we  have  studied  the  ability  of  the  aging  cholinergic  synaose  to  take  up 
choline,  release  acetylcnol ine  and  to  deplete  and  reform  synaptic  vesicles.  A 
summary  of  this  study  is  reported  here.  The  results  of  this  study  are  in 
puDlication  (see  Appendix  II). 

The  results  descrioed  in  the  progress  report  have  been  communicated  at 
several  national  ana  international  meetings.  The  aost^acts  of  tne  communica¬ 
tions  are  attacoeo  ;see  Appendix  III). 

Pnarmacological  ana  kinetic  cnaracter izat^on  of  choline  transport  in  the  rat 
ins 

The  pharmacology,  ionic  dependency  and  temperature  sensitivity  of  the 
choline  uotaxa  system  was  determined  in  irises  dissected  ana  preincubated  for 
10  min  at  37‘C  in  a  buffer  solution  containing  1  uM  unlaoellea  cool ine  spiked 
with  1»  ^H-cnoiir,e.  In  the  pharmacological  studies,  drugs  at  various  concen¬ 
trations  were  included  in  the  second  incubation  step  in  the  presence  of 
^H-chol ine. 

Oi isoprooylf luoroohosohate  (DFP)  was  dissolved  in  propylene  glycol  which 
was  then  added  to  the  uptake  buffer.  The  stability  of  DFP  in  the  aqueous 
solution  was  determined  by  incubating  irises  in  the  solution  at  various  times 
up  to  one  hour.  The  irises  were  then  homogenized  and  acetylcholinesterase 
(AChE)  activity  was  determined  by  the  rapid  method  of  Johnson  and  Russell 
(Analyt.  8iochem.,  64:229-233,  1975). 

A  Lineweaver-3urke  plot  of  the  kinetics  for  HACU  and  LAC'J  is  shown  in 
Fig.  1.  The  for  hian  affinity  uptake  was  3.23  umoles  with  a  of 

12.5  pmoles.  the  low  affinity  uotake  was  68.4  umoles  with  a  V^ax  of 
1023.54  pmoles. 

High  affinity  choline  uotake  was  demonstrated  to  be  temoeraturd-  and 
sodium-sensitive.  Control  uptaxe  at  37 * C  was  considered  to  be  equal  to  100%. 
Decreasing  the  temperature  to  20*C  and  4*C  resulted  in  a  decrease  of  uptake  to 


GIAC08INI,  Ezio 
472-50-2140 


32%  and  15%  of  control,  respectively.  Sodium  sensitivity  was  determined  by 
substituting  equimolar  amounts  of  Na+  with  Li+.  Control  uptake  in  the 
presence  of  Na+  ions  was  considered  to  be  equal  to  100%.  Increasing  the 
concentration  of  li+,  with  a  consequent  decrease  in  Na+,  resulted  in  a 
decrease  in  uptake  from  72%  to  42%  of  control. 


The  pharmacology  of  ....  _  ... _  .... _  _  . . 

Hemichol inium  at  10”^M  and  10"4M  decreased  choline  uptake  to  28%  and 
44%  of  control,  respectively.  Ouabain  (10"^M,  10"4M  and  10"^M) 

inhibited  choline  uptake  to  57%,  82%  and  88%,  respectively.  The  acetylcholin¬ 
esterase  inhibitors,  physostigmine  and  OFP  had  similar  effects  on  the  HACU 
system,  with  DFP  demonstrating  to  be  a  more  potent  inhibitor  of  the  uptake. 
Physqstigmine  decreased  choline  uptake  to  78%  at  its  highest  concentration 
(10-JM).  On  the  other  hand,  OFP  inhibited  chpline  uptake  to  71%,  70%  and 
73%  of  control  at  10“^M,  10‘^M  and  10*=M,  respectively.  Scopol¬ 

amine,  a  muscarinic  antagonist  decreased  choline  uptake  to  82%  of  control  at 
its  highest  concentration  (10-^). 

Of  special  interest  to  this  study  is  the  effect  of  DFP  on  Ch  uptake.  We 
have  demonstrated  tnat  although  this  agent's  primary  role  is  to  inhibit  AChE 
activity,  it  also  decreases  Ch  uptake  and  potently  inhibits  ACh  release  (Mattio 
et  al.,  1984)  (attached).  These  effects  can  be  explained  only  in  part  by  the 
increased  ACh  levels  in  the  tissue. 

Aoinc  of  cholineraic  svnaoses  -  uptake  and  releasina  mecnanisms 


Hemichol 
44%  of 


the  HACU  system  in  the  rat  iris  is  shown  in  Fig.  2. 


control,  respectively. 


We  have  made  use  of  the  ciliary  ganglion-iris  preparation  of  the  aging 
(1.5-9  yrs)  cnicxen  as  a  mocel  of  senescent  oe^ipne^al  cholinergic  synapses. 
Neuromuscular  junctions  in  tie  iris  of  aging  chickens  show  early  (1.5  yrs) 
morphological  signs  of  damage  such  as,  reduction  and  polymorphism  of  synaotic 
vesicles  and  increase  of  neurofi laments  and  mitocnonaria.  Accumulations  of 
cytoplasmic  organelles  and  lysosomes  are  seen  in  the  axoDlasm  of  the  nerve 
fioe'-.  At  later  stages  (5-9  yrs),  the  nerve  ending  is  enveloped  by  Schwann 
cells  infiltrating  ana  filling  the  synaotic  cleft.  Quantitative  morphometric 
changes  in  the  ratio  describing  the  relationsnio  between  volumes  of  terminals 
ana  volumes  of  synaotic  vesicles  show  a  progressive  decrease  in  the  volume 
occupied  by  synaotic  vesicles.  The  ability  of  the  cholinergic  synapses  to  take 
uo  ^H-choline  and  release  the  formed  ^H-acetylchol  ine  (ACh)  in  response  to 
high  K+-depol ar izat ion  is  imoaired  at  5  yrs  resulting  in  a  significant 
depletion  of  the  ^H-ACh  releasable  pool.  These  experiments  seem  to  point  out 
for  the  first  time  a  selective  functional  defect  in  the  cholinergic  synapse 
during  aging. 


ATTACHMENTS: 


Appendix  I 
Appendix  II 
Appendix  III 
Figure  1 
Figure  2 


Kinetics  of  Choline  Uptake 


FIGURE  1.  lineweaver-Burke  plot  of  the  kinetics  for  HACU  and  LACU 

in  rat  iris.  1 
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SUMMARY 


The  time  course  of  the  effects  of  the  topical  administration  of  1  wg  of 
diisopropylfluorophosphate  (DFP)  onto  the  cornea  of  the  rat  on  iris  function 
and  acetylcholine  (ACh)  biochemistry  was  followed  for  6  hrs  after  the  acute 
inhibition  of  iris  acetylcholinesterase  (AChE).  Pupil  diameter  was  normal  at 
1  nin  but  from  5  min  to  6  hrs  after  DFP,  pupil  size  was  less  than  50%  control. 
As  measured  by  infrared  video  pupi 1 lography,  complete  miosis  occurred  within 
3.5  to  4.0  min  after  the  application  of  DFP.  Fron  this  time  point  on,  up  to 
6  hrs,  a  pupillary  light  '•eflex  could  not  be  elicited. 

Acetylchol inesterase  activity  in  the  iris  was  reducec  to  36%  of  control 
1  min  afte'*  application  of  CFD,  cecreased  to  S%  at  5  nin  and  still  remained  far 
below  control  values  at  5  hrs.  Acetylcholine  levels  in  the  iris  were  increased 
by  34%  1  nin  afte**  DFP  and  by  54%  at  5  min.  This  increase  remained  stable  for 
120  nin  and  then  started  to  return  to  control  values  but  was  still  28%  above 
controls  at  6  hrs.  Choline  (Ch)  levels  in  tne  i-is  were  decreased  by  22%  5  nin 
afte''  DFP  but  Quickly  returned  to  normal  ard  we-e  the  same  as  controls  at  all 
other  tire  points  tested. 

Evidence  consistent  with  the  presence  of  muscarinic  presynaptic  auto¬ 
receptors  on  cholinergic  nerve  terminals  in  the  rat  iris  was  provided  by 
experiments  involving  electrically  stimulated  release  of  labelled  ACh  from 
isolated  rat  irises.  DFP  (10'^  to  10'°, M)  and  certain  concentrations  of 
Ch  (10'^M)  had  an  inhibitory  effect  on  ACh  release  that  was  blocked  by 
scopolamine  (10"6M). 

The  rat  iris  is  an  excellent  tissue  to  use  for  studying  pharmacological 
agents  such  as  DFP  since  biochemical  parameters  can  be  readily  correlated  with 
measurements  of  physiological  function.  Moreover,  the  iris  is  considerably 
hardier  and  longer  lasting  than  a  brain  slice  and  morphologically  is  more 
homogeneous. 


INTRODUCTION 


Neurobiologists  have  used  organophosphates  as  powerful  tools  to  elucidate 
the  role  and  mechanises  of  cholinergic  neurotransnission  in  both  the  central 
and  peripheral  nervous  systems.  The  organophosphate,  di isopropyl phosphoro- 
fluoridate  (DFP),  is  a  potent  irreversible  acetylcholinesterase  (AChE)  inhibi¬ 
ting  agent  that  phosphorylates  the  active  enzymatic  site  forming  a  covalent 
enzyme-substrate  complex  (Holmstedt,  1959).  In  addition  to  its  irreversible 
nature,  DFP  occupies  a  unique  position  in  neuropharmacology  due  to  its  rela¬ 
tionship  to  both  pesticides  and  cnemical  warfare  agents. 

Acute  administration  of,  or  accidental  intoxication  by,  organophosphates , 
results  in  neurological  symotoms  and  behavioral  effects  well-correlated  with 
inhibition  of  AChE  and  consequently  to  the  accumulation  of  acetylchol ire  (ACh) 
at  receptor  sites.  Sere  of  these  symptoms  induce  marked  miosis,  oral  and 
nasal  secretions,  muscular  fasciculations,  hyperactive  reflexes,  and  mental 
depression  (Si del  1 ,  197A).  Most  of  these  symptoms  can  be  alleviated  by  atro¬ 
pine  administration  indicating  specific  cholinergic  involvement.  This  effect 
of  prolonged  elevated  ACh  levels  at  receptor  sites  has  been  extensively  studied 
in  brain  to  determine  the  effects  on  acetylcholine  biochemistry. 

In  vivo  administration  of  organophosphates  increases  ACh  levels  in  brain 
to  a  maximum  within  5-10  minutes  (Mayer  and  Michalek,  1971;  Bignani,  Rosik, 
Michalek,  Milosevic  and  Gatti,  1975;  Modak,  Stavinoha  and  Weintraub,  1975). 
This  marked  increase  has  been  related  to  the  accumulation  of  ACh  in  cholinergic 
terminals  as  well  as  in  the  synaptic  cleft  (Modak  et  al . ,  1975;  Wecker,  Mobley 
and  Dettbarn,  1977).  With  prolonged  AChE  inhibition  (2-3  hrs),  ACh  levels  in 
brain  drop  significantly  toward  normal  levels  (Mayer  and  Michalek,  1971; 


However,  intrinsic  problems  exist  in  the  study  of  the  effect s  of 
organophosphates  in  brain  due  to  the  morphological  heterogeneity  of  this  organ. 
Brain  preparations  are  more  complex  because  of  the  co-existence  of  cholinergic 
cell  bodies  and  terminals  with  a  variety  of  other  neurotransmitter  cell 
systems.  Therefore,  it  is  advantageous  to  study  the  effects  of  these  compounds 
in  a  less  heterogenous  tissue  such  as  the  iris.  The  iris  contains  a  dense 
plexus  of  cholinergic  nerve  terminals  whose  cell  bodies  are  located  at  a  dis¬ 
tance  from  the  organ  in  the  ciliary  ganglion.  It  has  long  been  used  in  auto¬ 
nomic  pharmacological  studies  and  is  extremely  well-suited  for  these  studies 
(liacobini,  1970).  It  allows  sequential  analysis  of  function  (miosis  or 
mydriasis)  and  simultaneous  measurement  of  cholinergic  parameters  such  as  AOh 
synthesis,  accumulation,  turnover,  release  and  cegraoation  (Siacobini,  1933). 

ronnun,  Soli,  Opstad,  Cpsanl  and  Lunc-Karl sen  (1931)  and  Soli,  Lund- 
Karlsen,  Posahl  and  'Cr.num  (19S0)  found  a  linear  con-elaticn  between  pupil  size 
and  AChE  inhibition  after  topical  administration  cf  soman  or  DFP  in  the  guinea 
pig.  However,  these  investigators  did  not  measure  accompanying  biochemical 
chances  in  A.Ch  and  choline  (Ch)  nor  did  they  analyze  the  evoked  release  of  ACh 
from  cholinergic  terminals.  The  present  study  seeks  to  correlate  the  levels  cf 
ACh,  Ch,  the  stimulated  release  of  ACh,  and  AChE  innibition  with  the  physiolog¬ 
ical  pupillary  function  as  determined  by  infra-red  pupillometry  (Murray  and 
Loughnane,  1981)  after  acute  topical  administration  of  DFP  to  the  albino  rat 
eye.  The  correlation  of  the  biochemical  effects  of  DFP  administration  with  the 
physiological  function  of  the  iris,  will  give  insight  on  the  variety  of  effects 
DFP  has  on  both  central  and  peripheral  cholinergic  systems.  Determining  the 
events  that  occur  after  DFP  administration  will  lead  to  a  more  thorough  under¬ 
standing  of  cholinergic  neurotransmission  as  well  as  a  background  concerning 


MATERIALS  AND  METHODS 


Animal 5 

The  topical  application  of  1  ug  DFP  (Siena)  in  5  yl  of  peanut  oil  to  the 
cornea  of  Sprague-Dawley  rats  (Harlan)  was  performed  with  a  Hamilton  syringe, 
with  vehicle  administration  (peanut  oil)  done  in  parallel.  For  the  biochemical 
studies,  the  rats  were  decapitated  at  various  tines  after  the  CFP  application, 
the  irises  were  dissected  imediately  in  ice-cold  Elliot's  B  Puffer  and  a  pre¬ 
liminary  measurement  of  pupillary  dianeter  was  made  using  an  ocular  micrometer 
(20x  macnif ication).  For  the  puoi 1 1 ography  studies,  the  rats  were  placed  in  a 
restrairer  as  cescribed  eelew.  Irises  from  crug  free  ^ats  were  used  in  the 
release  experiments  as  detailed  below. 


*  C V 1  C  - C ^  1  P9S 1 0,l"3  S 9  - C t  i  V  i  *  V 

A CnE  activity  was  dezer~inec  in  aliquets  of  iris  nonegenate  using  the 
rapid  method  ce  Jonnscn  and  Dussell  (1975).  *ChE  activity  *as  determined  at 
various  times  a*'ter  DFP  injection  in  triplicate  and  compared  to  oil  injected 
controls.  Tr.ese  sa~oles  ws^e  also  washed  with  equal  volumes  of  chloroform  to 
remove  excess  DrD  arc  prevent  false  low  AChE  activities.  Data  were  analyzed  by 
an  unpaired  Stucent's  t-test  to  ceternine  significance. 

ACh  and  Ch  Levels 

ACh  and  Ch  levels  were  determined  in  the  iris  from  0  to  253  minutes  after 
topical  administration  of  DFP  by  the  radioenzynatic  metned  of  McCanan  and 
Stetzler  (1977).  Briefly,  this  method  uses  the  enzymatic  incorporation  of 
from  Y-labelled  ATP  into  the  choline  molecule  to  for  ^p-phospho- 


choline.  To  determine  tissue  ACh  levels,  the  tissue  was  preincubated  with 
choline  kinase  and  unlabelled  ATP,  for  15  min.  After  this  preincubation,  the 
tissue  is  then  ircubated  with  AChE,  which  hycrolyzes  ACh  to  leave  free  Ch, 


which  subsequently  is  phosphorylated  with  32p_^jp.  For  determination  of 
tissue  Ch  levels,  the  ^P-ATP  is  included  in  the  first  incubation  and  no 
AChE  is  added.  Assays  were  carried  out  in  duplicate  including  internal 
standards  {10  pmoles)  with  a  minimum  of  eight  irises  per  time  point.  Samples 
were  washed  with  equal  volumes  of  chloroform  to  remove  excess,  unbound  DFP  that 
was  found  to  inhibit  the  AChE  activity  added  as  part  of  the  assay  procedure. 
Data  were  compared  to  oil  injected  controls  ran  in  parallel  by  an  unpaired 
Student’s  t-test. 

Ir.fra-red  Puri  1 1  cmetrv 

Continuous  measurements  of  pupil  area  after  exposure  to  CF?  were  cone  by 
using  bright-field  i nfra-^ea  illumination  as  described  oy  ^'ur^ay  and  Lcughnane 
(1981).  Pats  were  conditioned  to  sit  in  a  restramer  that  ir.hioited  head 
movement  until  tney  showed  little,  if  any,  stress  evcked  benavior  determined  by 
pupillary  mydriasis.  hcT.al  pupillary  light  reflexes  were  cetermired  cefcre 
and  after  vehicle  application  (peanut  oil).  CF?  was  tnen  applied  topically  ard 
pupillary  response  was  recorded  until  maximal  pupillary  miosis  was  determined 
and  no  light  reflex  could  be  elicited. 

Euffer 


Elliot's  8  buffer  (Elliot,  1S£9)  containing  122  rtf  NaCI ,  1.3  rtf  KC1 , 
1.2  mM  CaCl2»  0.4  rnf-l  KH2PO4,  25  rtf  a H C O3  and  10  rtf  glucose  in  double 
distilled  water,  was  made  fresh  every  second  day  and  stored  at  4°C  when  not  in 
use.  Prior  to  each  experiment,  the  Elliot's  B  buffer  (EEb)  was  bubbled  with 
95%  O2  5%  CO2  until  pH  7.4.  All  buffer  was  continuously  bubbled  with  95% 
O2  5%  CO2  throughout  the  perfusion-stimulation  periods. 

3H-Ch  Uptake 

*■* 

In  studies  involving  the  labelling  of  AC h  pools  ty  uptake  of  JH-Ch,  the 


uptake  parameters  were  as  reported  by  Richardson,  Mattio  and  Giacobini 
(submitted).  Briefly,  irises  were  dissected  and  pre-incubated  for  10  minutes 
at  37°C  in  EBb  in  a  shaking  water  bath.  After  pre-incubation,  irises  were 
transferred  to  wells  containing  1  yM  unlabelled  choline  spiked  with  1%  ^H- 
choline  (New  England  Nuclear  80  Ci/mmole).  Tissue  was  incubated  for  5  minutes 
and  then  washed  in  5  ml  of  buffer.  Irises  were  then  placed  in  the  release 
chambers  and  run  as  explained  below. 

Perfusion-stimulation  Release  of  ACh 

The  release  of  -^H-acetyl chol ire  from  the  parasympathetic  nerve  terminals 
in  the  iris  was  determined  us-ir.g  a  modification  cf  the  procedure  developed  ty 
Potashner  (1978,  1979).  Each  stimulation  chamber  was  a  1  cm  diameter  plexi¬ 
glass  sleeve  into  which  cculd  be  inserted  plungers  with  a  flat  platinum  coil 

electrode  on  the  end  and  a  cerfusion  cannula.  The  plungers  were  positioned  so 
that  the  platinum  coils  were  5  to  6  mm  apart  wnich  created  a  stimulation 

chamber  of  about  .5  ml  volume  that  could  be  pe-fused  via  the  cannula.  Four 

such  chambers  were  built  into  a  plexiglass  box  constructed  so  that  water  at  a 
constant  temperature  (36°C  unless  stated  otherwise)  could  be  circulated  around 
each  chamber  by  a  Kaake  neater  circulator. 

Each  iris  was  placed  cn  the  platinum  grid  of  the  lower  plunger,  the  upper 
plunger  was  inserted  into  the  sleeve,  and  EBb  with  or  without  drugs,  was 
perfused  through  the  chamber  at  a  rate  of  1  ml  per  minute  by  a  peristaltic 
pump.  The  perfusate  from  each  chamber  was  collected  in  1  minute  fractions  in 
separate  mini  vials  by  using  a  modified  drop  guide  on  a  Pharmacia  Frac  3000 
fraction  collector.  After  10  minutes  of  perfusion,  each  iris  received 
electrical  field  stimulation  for  1  minute  from  a  Grass  Model  Sll  stimulation 
unit  through  a  capaciter  circuit  to  create  a  biphasic  nearly  square  wave 


stimulus  of  20  mA,  50  H2  of  5  ms  duration,  which  was  then  passed  between  the 
platinum  coil  electrodes  and  monitored  on  an  oscilloscope.  This  frequency  was 
observed  to  give  maximal  release  of  ACh  under  our  experimental  conditions.  The 
1  minute  stimulation  period  was  repeated  every  5  minutes  for  20  minutes  such 
that  each  tissue  was  stimulated  four  times  and  each  stimulation  was  followed  by 
a  4  minute  washout  period.  At  the  end  of  the  fourth  washout  period,  the 
radioactivity  remaining  in  each  iris  was  determined  by  placing  the  iris  in  1  ml 
of  absolute  ethanol  in  an  oven  at  60°C  for  at  least  1  hour.  Two  mis  of 
scintillation  counting  cocktail  was  added  to  each  perfusate  fraction  and  to  the 
ethanol  extract  of  each  iris.  The  radioactivity  in  each  sample  was  measured  in 
a  scintillation  counter  (Becxman  noael  L$  5800). 

The  electrically-stimulated  release  of  ^H-acetylchol ine  from  the  rat 
iris  was  characterized  by  studying  the  temperature  and  ion  depenaency  of  the 
evoked  release.  It  was  determined  that  in  the  absence  cf  any  cholinesterase 
inhibiting  drugs  in  the  perfusion  buffer,  the  radioacti vity  appearing  in  the 
1  minute  fractions  collected  during  the  minute  after  an  electrical  stimulation 
was  at  least  90®  ^-acetylcholine. 

Drugs:  The  effects  cf  various  drugs  on  the  release  profile  were  deter¬ 
mined  by  dissolving  the  drugs  in  the  EBb  used  to  perfuse  the  tissues.  The 
stability  of  the  anti-cholinesterase  potency  of  1  uM  DFP  in  aqueous  EBb  was 

established  by  mixing  the  DFP  in  the  buffer  and  adding  aliquots  of  this  1  uM 

DFP  solution  to  homogenates  of  rat  iris  after  various  time  periods  up  to 
40  minutes.  AChE  activity  was  then  determined  5  minutes  after  the  DFP  was 

added  to  the  homogenate.  The  DFP  did  go  into  solution  in  the  EBb  and  produced 

a  75-80%  inhibition  of  iris  cholinesterase  activity  at  all  time  points  tested. 


-  ■'k 
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Calculations:  The  radioactivity  in  each  1  minute  sample  was  converted 

into  a  release  fraction  in  which  the  radioactivity  in  each  sample  is  expressed 
as  a  percentage  of  the  total  amount  of  radioactivity  in  the  tissue  at  the  start 
of  each  1  minute  collection  period  (Potashner,  197S).  This  total  tissue  radio¬ 
activity  is  calculated  for  each  1  minute  period  by  adding  the  radioactivity  in 
that  particular  1  minute  sample  to  the  radioactivity  in  all  subsequent  samples 
including  the  radioacti vity  remaining  in  the  tissue  at  the  end  of  the  experi¬ 
ment.  The  release  profile  is  obtained  by  plotting  the  release  fraction  of  each 
1  minute  sample.  In  the  absence  of  any  stimulation,  a  certain  amount  of  radio¬ 
activity  is  constantly  being  released,  presumably  by  spontaneous  discharge  of 
the  neurons.  When  calculating  the  release  evoked  oy  the  electrical  stimula¬ 
tion,  this  spontaneous  release  must  be  taken  into  account.  The  relationship 
between  the  soontaneous  release  and  the  stimulation-evoked  release  is  expressed 
as  a  re'ease  '•atio  which  corrects  for  chances  in  spontaneous  release.  This 

release  ratio  is  given  by  the  formula  EC-$R  *  ir.o  where  ER=evoked  release 

SR 

and  S?.*soontaneous  release. 
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RESULTS 

Pupillometry  and  Biochenistry 

Pupil  diameter,  measured  with  an  ocular  micrometer  following  dissection, 
was  unchanged  at  1  min  (Fig.  1).  At  5  min  pupillary  miosis  was  observed 
(40*  of  control)  which  lasted,  with  some  minor  fluctuations  for  at  least  6  hrs. 
Infra-red  pupil lometry  showed  that  at  1  min  the  pupil  area  was  starting  to 
decrease,  but  was  still  rather  large  (Fig.  2).  Beyond  this  point,  a  steady 
decline  in  pupil  area  was  recorded.  By  3.5  to  4  minutes,  complete  miosis  was 
observed  and  no  further  pupillary  light  reflex  could  be  elicited.  The  iris 
remained  unresponsive  for  at  least  6  hours. 

Acetylcholinesterase  activity  was  significantly  '•educed  to  36*  of  ccrtrol 
1  min  after  PFP  application  'Fig.  1).  It  then  further  decreased  to  S'  of 
control  after  5  min  and  remained  decreased  recovering  to  only  20%  of  control 
activity  after  6  hrs.  Acetylcr.ol  ine  levels  were  significantly  increased  34% 
ever  control,  one  min  after  CFP  injection  (Fig.  1).  By  5  min,  ACh  levels 
appeared  to  peak  (54%)  and  remain  relatively  constant  for  120  min,  after  which 
they  decreased  but  were  still  significantly  increased  over  control  (2S %}  at 
6  hrs.  Choline  levels  were  unchanged  1  min  after  DFP  injection  (Fig.  1). 
However,  by  5  minutes  they  were  decreased  to  78%  of  control.  At  15  minutes,  Ch 
returned  to  control  levels  and  remained  unaltered  for  the  duration  of  the 
experiment. 

Release  of  ^H-ACh 

The  electrically  stimulated  release  of  ^H-ACh  from  the  rat  iris  was 
characterized  by  determining  the  appropriate  parameters  of  release.  First,  it 
was  determined  that  the  tritium  released  was  indeed  ^H-ACh.  Irises  were 
assayed  for  ACh  and  Ch  content  before  and  after  stimulation  (20  mA,  50  Hz, 


5  ms).  Tissue  levels  of  Ch  were  unchanged  whereas  ACh  levels  were  decreased 
almost  three-fold,  demonstrating  that  ^H-ACh  was  being  released  (Table  I). 
Temperature  and  ionic  requirements  for  release  were  also  determined.  ^H- 
Acetylchol ine  release  was  completely  inhibited  at  0°C  and  decreased  to  74%  at 
23°C  when  compared  to  release  at  36°C  (Table  II).  The  initial  release  of 
-H-ACh  at  40°C  was  unchanged  from  control,  however  by  the  fourth  stimulation, 
the  iris  was  unable  to  release  ^H-ACh  at  this  high  temperature.  Release  of 
^n-ACh  was  also  demonstrated  to  be  Na+  and  Ca**  dependent  (Table  III). 
Sodium  was  substituted  in  the  buffer  by  equimolar  amounts  of  tiCl  or  by  240  rtf 
suc-ose.  Both  decreased  release  with  Li  Cl  having  y*e  most  profound  effect. 
Release  was  demonstrated  to  be  highly  dependent  cn  Ca When  Ca++  was 
omitted  from  the  buffer,  evoked  release  was  not  seen.  Trese  cata  demonstrate 
that  the  release  of  3H-ACh  from  the  rat  iris,  in  cur  system,  shows  tempera¬ 
ture  ar.d  ionic  specificity  associated  with  the  in  vivo  release  of  neurotrans- 
mitters  from  nerve  endings. 

The  pharmacological  analysis  of  the  release  of  JH-ACh  revealed  the 
presence  of  a  presynaptic  muscarinic  receptor  in  the  rat  iris  as  it  has  been 
described  in  ether  tissues  including  the  CNS.  When  stimulated,  this  muscarinic 
autcreceptor  inhibits  release  of  ACh  (Kilbinger  and  Kruel,  1931;  Marchi, 
Paudice  and  Raiteri,  1981).  Blocking  this  presynaptic  autcreceptor  with 
scopolamine,  a  muscarinic  antagonist,  increases  the  release  of  ^H-ACh  in  a 
dose-dependent  manner  (Table  IV).  Choline  (10"5  M),  which  has  been  shown 
to  act  as  a  muscarinic  agonist  at  high  concentrations  (Kilbinger  and  Kruel, 
1981),  inhibits  the  evoked  release  of  ^H-ACh  from  the  rat  iris  (Table  IV). 
Choline  (10"^  h!)  increased  the  spontaneous  release  of  ^H-ACh  in  our 
preparation  as  described  by  Kilbinger  and  Kruel  (1931).  This  increase  in 


spontaneous  release  of  ACh  is  not  understood  but  appears  to  be  an  effect 
related  to  the  presence  of  a  presynaptic  muscarinic  receptor.  These  results 
are  consistent  with  the  hypothesis  that  a  presynaptic  muscarinic  autoreceptor 
is  present  in  the  rat  iris. 

Diisopropylphosphorofluoridate,  at  concentrations  where  90%  or  more  of 
AChE  activity  was  inhibited,  decreased  the  release  of  ^H-ACh  (Figs.  3  and  4). 
This  effect  was  reversed  when  scopolamine  at  10"®M,  a  concentration  which 
in  itself  did  not  increase  release  (Table  4),  was  included  in  the  perfusion 
buffer.  As  the  inhibition  of  AChE  activity  was  decreased  by  lowering  the 
concentrations  of  3FP,  so  was  the  effectiveness  of  PFP  on  innibiting  ^H-ACh 
release.  At  higher  concentrations,  and  10"-y,  DFP  increased  the 

spontaneous  release  of  ^H-ACh  (Fig.  3).  This  increased  spontaneous  release 
was  taken  into  consideration  by  expressing  the  data  in  a  release  ratio  as 
described  in  the  methods. 


DISCUSSION 


Endogenous  ACh  levels  were  increased  at  each  time  point  studied  after 
topical  administration  of  DPP.  This  increase  can  easily  be  explained  by  the 
primary  effect  of  DPP  on  inhibiting  AChE  hydrolysis  of  ACh,  thus  allowing  ACh 
to  accumulate  in  neuronal  terminals  as  well  as  in  the  synaptic  cleft  (Modak  et 
al.,  1975;  Wecker  et  al.,  1977).  These  results  correlate  well,  quantitatively 
and  temporally,  with  the  data  from  other  investigators  on  brain  ACh  levels 

after  AChE  inhibitor  administration,  depending  cn  dose  or  route  of  administra¬ 
tion  (Maye^  and  Michalek,  1971;  Picnami  et  al.,  1975;  Stavinoa,  Modak  and 

Weintraub,  1976;  Wecker  et  al.,  1977).  However,  a  few  hours  after  the  AChE 

inhibition,  ACh  levels  have  been  reported  to  crcp  significantly  toward  control 
levels  in  train  (Vayer  and  Vichalek,  1971;  Bicnani  et  al.,  1575),  but  in  the 

iris,  ACh  levels  a^e  still  elevated  six  hours  after  AChE  inhibition.  This 

apparent  discrepancy  may  be  due  to  the  fact  that  the  iris  contains  only 

cholinergic  terminals  in  contrast  to  brain  which  has  both  terminals  and  cell 

bodies.  Also,  topical  administration  of  DPP  may  provide  for  a  longer,  more 
direct  exposure  of  the  drug  resulting  in  more  prolonged  increases  in  ACh. 

A  correlation  between  biochemical  effects  and  physiological  function  of 
the  iris  was  made  in  this  study.  Pupil  diameter  recorded  by  pupil lometry  was 
unchanged  1  min  after  DPP  administration  but  by  5  min  pupillary  miosis  was 

maximal  and  a  light  reflex  could  not  be  elicited.  Acetylcholinesterase  activi¬ 
ty  at  1  min  was  decreased  but  not  to  its  maximal  extent  as  seen  at  5  min.  It 
appears  that  the  AChE  activity  (36?)  present  at  1  min  was  sufficient  to  prevent 
miosis.  However,  ACh  levels  were  increased  at  1  min  but  again  not  to  the 
extent  that  they  were  at  5  min.  This  increase  in  ACh  nay  be  intraneuronal  and 
due  to  an  agonistic  effect  of  DPP  on  the  presynaptic  muscarinic  receptor 


resulting  in  a  decrease  in  release  of  ACh,  thus  increasing  intraneuronal  ACh 
stores.  An  intraneuronal  increase  in  ACh  would  explain  the  lack  of  a  miotic 
effect  at  this  time.  Also,  it  is  possible  that  1  min  of  DFP  exposure  is  not 
sufficient  time  to  observe  the  miotic  effect.  However,  as  determined  by  infra¬ 
red  pupillometry,  the  miotic  effect  elicited  by  a  light  flash  is  extremely 
quick  in  a  control  animal,  occurring  within  4-S  seconds.  It  seems  probable 
that  1  min  is  enough  time  for  the  iris  musculature  to  respond  to  extraneuronal 
ACh  indicating  that  at  this  time  ooint  the  increase  in  ACh  is  intraneuronal. 
By  5  min  AChE  inhibition  was  maximal  and  a  buildup  of  extraneurcnal  and 
proDably  intraneuronal  ACh  was  apparent  resultirg  in  continuous  stimulation  of 
the  iris  musculature  and  complete  miosis. 

Although  the  primary  direct  effect  cf  DFP  is  to  inhibit  AChE  activity,  we 
observed  a  decrease  in  the  evckec  release  cf  ACh  from  the  nerve  terminals  in 
the  presence  of  DFP.  This  decrease  in  release  can  be  explained  by  stimulation 
of  the  presynaptic  muscarinic  receptor  we  have  described  in  the  iris.  Extra¬ 
neuronal  ACh  would  be  expected  to  accumulate  and  to  act  on  the  presynaptic 
muscarinic  autoreceptor  to  result  in  a  decrease  in  release.  This  effect  was 
reversed  by  scopolamine.  However,  the  possibility  that  DFP  may  have  a  direct 
effect  on  the  presynaptic  muscarinic  receptor,  especially  at  the  early  time 
point  of  1  min,  can  not  be  ruled  out.  It  has  been  demonstrated  that  brain 
preparations  contain  a  presynaptic  muscarinic  receptor  that  inhibits  release  of 
ACh  by  a  negative  feedback  mechanism  (Marchi  et  al.,  1981).  These  receptors 
appear  to  be  identical  or  very  similar  to  peripheral  muscarinic  receptors 
(Beld,  Van  Den  Houen,  Wouterse  and  Zeners,  1975;  Raiteri,  Marchi  and  Paudice, 
1981).  However,  it  remains  to  be  determined  v/hether  DFP  affects  central 
muscarinic  receptors  in  the  same  manner  as  peripheral  receptors. 


Our  study  indicates  that  the  rat  iris  is  a  good  model  in  which  to  study 
the  short-tem  cholinergic  effects  of  anticholinesterase  agents  and  in  which  to 
correlate  biochemical  and  physiological  parameters  with  the  pharmacological 
actions  of  various  other  agents  as  well.  To  our  knowledge,  this  is  the  first 
paper  to  demonstrate  the  existence  of  a  presynaptic  muscarinic  autoreceptor  in 
iris  tissue  and  we  have  shown  that  this  autoreceptor  may  have  a  role  in 
regulating  ACh  release  after  DFP  treatment.  Although  the  primary  action  of  DFP 
is  to  inhibit  AChE  activity,  DFP  also  leads  to  a  decrease  in  the  release  of 
ACh.  This  secondary  action  nay  prove  to  be  an  important  characteristic  of  the 
drug  that  nay  ne1 p  to  elucidate  tne  nechanisms  of  cholinergic  neurotransmission 
and  to  ceve’oo  anticctes  to  preserve  iris  function  following  environmental 
exposure  to  anticnol inesterase  agents. 
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FIGURE  LEGENDS 


Fig.  1.  The  tine  course  of  the  effect  of  DFP  (topical  administration;  5  ug  in 
5  ul)  on  AChE,  puoil  diameter,  ACh  and  Ch  levels  are  demonstrated. 
Pupil  diameter  was  measured  with  an  ocular  micrometer.  ***  p  <  .001, 
*  p  <  .05. 

Fig.  2.  Infra-red  video  pupillogram  from  a  rat  after  vehicle  administration 
(oil)  and  DFP.  At  the  points  indicated  the  light  was  turned  on  or 
off.  The  sharp  downward  deflections  are  due  to  blinking  of  the  eye. 
Pupillary  light  reflexes  could  not  be  elicited  after  3.5  to  J  nin. 

rig.  3.  Release  profiles  demonstrating  typical  release  patterns  in  control  (C) 
and  DFP  treated  tissues.  The  horizontal  bars  indicate  the  1  r.in 
period  of  electrical  stimulation.  Note  the  increase  in  spontaneous 
^H-ACh  release  at  1C*"  V  and  10"5  fi  DrP  (see  Results). 

Fig.  A.  Dose-response  relation  of  the  release  c-f  ^H-ACh  in  the  presence  of 
various  D*o  concentrations  and  DFP  plus  ID-5  *  scopolamine. 
Results  were  calculated  as  the  release  ratio  and  expressed  as  a 
percent  of  control  (control  release  ratio=222.2)  with  control 
equalling  ICO'.  AC h-  activity  in  the  iris  is  indicated  at  the  various 
concentration  of  DFP.  ***  p  <  .001,  **  p  <  .01. 


9 


T 


1 


TABLE  I 

Acetylcholine  and  choline  levels  in  irises  after  ^H-Ch  uptake  and  stimulated 
release  of  3H-ACh. 


Control 

After 

Uptake 

After 

Uptake  and 
Release 

%  Chance 

ACh 

( pmol ) / iri s 
i  S.E. 

151.0  ±  11.42 

645.10  i  48.76~* 

223.14  ±  31.8*** 

289.0 

Ch 

(pmol )/iris 
=  S.E. 

147.6  i  25.4 

176.6  ±  9.76*** 

174.2  i  10.3*** 

1.4 

***  p  <  .001  when  compared  to  control  levels.  ’  change  in  release  was  calculated 
as  the  change  in  tissue  levels  determined  axter  3H-Ch  uptake  and  stimulated 


release 


II 


TABLE  II 

Effect  of  temperature  on  stimulated  release  of  ^H-ACh. 


Temperature 

Release  Ratio  ±  S.E. 

%  Release 

0°C- 

98.1  t  14.3  *** 

0 

23°C 

170.5  ±  12.4** 

74.5 

37°C 

222.2  ±  1C. 5 

100 

40°C 

230.2  ±  30.2 

103.6 

Release  ratio  (evcked-spontanecus/spontaneous  x  100)  was  determined 
described  in  '-'ethods  wnere  spontaneous  release  =  100.  ***  p  <  .001,  **  p  < 

when  compared  tc  release  at  37°0. 


TABLE  IV 

Release  of  ^n-ACh  in  the  presence  of  scopolamine  or  choline. 


Scopolamine 
Release  Ratio 


Choline 
Release  Ratio 


IC. 

♦  S.E. 

%  Release 

±  S.E. 

M 

•  - 

- 

212.2  ±  15 

M 

439.6  ±  8.3 

18S*** 

164.6  ±  11.9 

M 

329.0  ±  35 

141*** 

220  ±9.4 

M 

232.7  ±  12.1 

105 

220.5  ±  14.1 

M 

211.4  ±  19.4 

95 

- 

M 

217.7  ±  22.6 

93 

- 

Values  were  compared  t 

o  the  control 

release  ratio  of  222.2 

Release  rat io=( evoked- 
(  spon 

***?<. 001. 

sccntaneous) 
tarecus  ) 

x  100 

%  Release 
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INTRODUCTION 

Cholinergic  system  and  aging  of  the  human  brain 

The  normal  process  of  aging  of  the  human  brain  seems  to  be  associated  with 
a  loss  of  both  cortical  and  subcortical  neurons  (Table  I).  A  central  problem 
is  whether  this  decrease  in  nur,oe,r  of  neurons  is  related  to  neurotransmitte*’- 
soecific  systems  or  whether  it  involves  unspecif ically  all  neuronal  systems. 
Recent  autopsy  and  biopsy  studies  in  humans  (Table  I)  indicate  that  aging  of 
the  brain  is  inceed  accompanied  by  a  loss  of  neurons  in  certain  areas,  mainly 
in  specific  cortical  regions.  However,  no  significant  changes  in  cell  numoer 

are  found  in  otner  areas,  such  as  brainstem  nuclei,  cranial  nc-ve  nuclei, 

oons-hypotnal amic  areas  or  tne  medulla  oblongata  (Table  I).  A  review  of  the 

recent  morphological  and  biocnemica!  literature  (Table  I)  suggests  that  the 
number  of  brain  regions  known  to  escape  neuronal  loss  in  the  course  of  the 

aging  process  has  grown.  Tnerefore,  it  seems  that  in  the  aging  human  brain  two 
populations  of  neurons  coexist  side  by  side.  One  undergoing  regressive  changes 
leading  to  cell  death  and  a  second  surviving  and  undergoing  continuous  and 
dynamic  growth  of  processes.  In  pathological  conditions,  such  as  in  Parkinson 
and  Alzheimer  diseases,  some  decreases  are  found  in  corresponding  areas  but  not 
in  other,  indicating  a  variance  from  normal  aging  (Table  I).  The  most 
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pronounced  difference  is  seen  in  the  substantia  innominata  (nucleus  basal  is  of 
Meinert)  of  Alzheimer  patients,  with  a  75-802  loss  in  neurons  (2,19,20).  It 
should  be  noted  that  in  the  same  nucleus  a  662  decrease  in  cell  density  is  seen 
also  in  Parkinson  patients  (Table  I)  (1).  A  decrease  in  number  of  cells  in 
Alzheimer  brains  is  seen  also  in  non-chol inergic  nuclei  such  as  the  locus 
coeruleus  (Table  I)  (10,18).  In  spite  of  the  fact  that  neuronal  loss  in 
Parkinson  disease  may  be  the  same  or  greater  than  in  Alzheimer  disease 
(Table  II),  no  extensive  cortical  abnormalities  either  morphological  or  neuro¬ 
chemical  (ChAc,  chol ineacetyltransferase  activity)  have  been  reported  in  the 
former  disease  (1).  A  similar  situation  is  found  in  the  locus  coeruleus  where 
neuronal  loss  in  Alzheimer  brains  is  not  correlated  with  a  reduction  in 
cortical  activity  of  noradrenergic  enzymes  (10).  The  mechanism  of  neuronal 
loss  may  be  different  in  the  two  diseases  as  suggested  by  the  differences  in 
patnological  changes  observed  in  Derikarya  and  neurooil.  In  fact,  there  seems 
to  be  no  apoarent  relationsniD  between  the  formation  of  characteristic  neuro¬ 
fibrillary  changes  in  one  case  and  the  presence  of  Lewy  bodies  and  neuroaxonal 
spheroids  in  the  other.  It  looks,  therefore,  unlikely  that  the  two  abnormal¬ 
ities  might  represent  different  manifestations  of  the  same  disease.  Recent 
results  on  changes  in  cell  density,  tot3l  numoer  of  cells,  ChAc  and  AChE 
(acetylcholinesterase)  activity  in  the  nucleus  basal  is  of  human  controls  and 
SOAT  (senile  dementia  of  Alzheimer  type)  brains  are  reported  in  Table  II.  It 
can  be  seen  that  all  four  parameters  are  strongly  affected  in  SDAT  patients, 
however,  contrasting  differences  between  results  of  various  investigators  are 
seen  in  cell  number  and  cell  density  (1,11,19,20). 

In  conclusion,  in  the  case  of  Alzheimer  disease,  both  morphological  and 
neurochemical  results  suggest  a  primary  degeneration  of  cholinergic  axons  and 
terminals  projecting  to  cortex  and  a  secondary  loss  of  cholinergic  neurons  in 
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TABLE  I 

CHANGES  IN  NUMBER  OF  NEURONS  WITH  AGE  IN  NORMAL  AND  PATHOLOGICAL  HUMANS*) 


NORMAL 


PATHOLOGICAL 


STRUCTURE 

E9CSSH 

PARKINSON 

ALZHEIMER 

Cerebral  co'tex 

(Inf.  frontal  and  sup.  temporal) 

(90) 

454  deer. 

17-184 
large  i 

neurons 
deer. 

(45-90) 

Hippocampal  cortex 

27-804  deer. 

474  deer. 

Cerebellar  cortex 
(Purkinje  cells) 

(60-100) 

254  deer. 

(80) 

Parietal  and  occipital  cortex 

unchanged 

no  differ. 

Telencephalon  (putamen) 

deer. 

Newborn 

(60) 

Subst.  nigra 

400.000  (dopam.) 

250.000 

60.000 

decreased 

Nucleus  coeruleus 

Younq  adult 

19.000  {norep.) 

(60-80) 

17.000-11.000 

434 

deer. 

Nucleus  bas.  Meinert's 
(subst.  innominata) 

Younq  adult 
450.00  (cholin.) 

(50-66) 

unchanged!?) 

664 

deer. 

75-804 

deer. 

Brainstem  nuclei  (ventral  coc 
inf.  olive,  mamm.  bodies) 

*  » 

unchanged 

Cranial  Nerve  Nuclei 
(trochlear,  abducens,  facial) 

unchanaed 

unchanged 

Pons-hypothal amus 

unchanged 

Medulla  oblongata 

unchanged 

*) 


For  ref.  see  text. 


TABLE  II 

CHANGES  IN  CELL  DENSITY  AND  CHOLINERGIC  ENZYMES  ACTIVITY  IN  NUCLEUS 
BASAL  IS  OF  CONTROL  AND  SDATX'  BRAINS 


TTMI'T* 

authOr/year 

CELL  NUMBER 

5.9  +  0.9 

1.6  +  0.3 

73 

Whitehouse  et  al.,  1981, 

nr  cells/grid 

1982  (19,20) 

total  nr  cells/ 
section 

344.6  +  64.6 

72.4  +  14.6 

79 

Whitehouse  et  al . ,  1982(2 

II 

-- 

•• 

<50 

McGeer  et  al . ,  1983  (8) 

CELL  DENSITY 
mean  area  per 

10 

15 

33 

Candy  et  al . ,  1983  (1) 

neurone  um^  x  10^ 

10 

30  xx) 

66xx) 

Candy  et  al . ,  1933  (1) 

-- 

— 

33 

Perr>  et  al . ,  1982  (11) 

ChAcxxx)  POSITIVE 
CELLS 

104 

35 

66 

Nagai  et  al.,  1983  (9) 

(hirnmunohistochem. ) 

-- 

— 

<50 

McGeer  et  al . ,  19S3  (8) 

ChAc  ACTIVITY 
(nmol/h/mg) 

-- 

89 

Perry  et  al . ,  1932  (14) 

-- 

-- 

70 

Rossor  et  al.,  1932a(13) 

If 

196.8  +  88 

13.4  +  4.4 

94 

Candy  et  al . ,  1983  (1) 

ll 

81.8XXXX) 

25.9xxxx) 

64 

Rossor  et  al . ,  19S0; 
1982b  (12,14) 

AChE  ACT IVITYXXXXX ) 
(histochemistry) 

INTENSE 

STAINING 

— 

— 

Rossor  et  al . ,  1982d( 14 ) 

(umol/min/mg 

protein) 

676.8  +  101.2 

141.9  +  33.9 

79 

Candy  et  al . ,  1983  (1) 

x)  Senile  dementia  of  Alzheimer  type 
xx)  Parkinson  patients 
xxx)  Choline  acetyltransferase 


xxxx)  Medium  value 
xxxxx)  Acetylcholinesterase 


subcortical  nuclei.  Whether  the  irreversible  neuronal  loss  is  large  or 
moderate  and  its  nature  remains  to  be  demonstrated  by  further  studies,  possibly 


at  the  ultrastructural  level.  Another  fundamental  question  is  whether 
Alzheimer  disease  is  primarily  a  "cell  body"  or  a  "terminal  disease"  and  what 
is  the  time  course  and  sequence  of  the  neuronal  damage  (Table  III).  Other 
important  questions  related  brain  aging  in  general  and  to  SDAT  in  particular 
are  reported  in  Table  III  below. 

TABLE  III 


SOME  BASIC  QUESTIONS  WHICH  REMAIN  UNANSWERED 


1. 


ARE  BIOCHEMICAL  CHANGES  SELECTIVELY  LOCALIZED  TO  CERTAIN  BRAIN 
ARE  THEY  DISTRIBUTED  TO  ALL  CHOLINERGIC  SYNAPSES  IN  THE  CNS? 


NUCLEI 


OR 


2. 


ARE  CHANGES  RELATED  TO  THE  NORMAL  CERE3RA 
MECHANISMS  OF  ENZYMATIC  ADAPTATION  OR 
DEMENTIA?  HOW  IMPORTANT  IS  THE  AGE  RANGE 
IS  THE  SEVERITY  OF  THE  DISEASE? 


L  AGING  PROCESS,  I.E.  ARE  THEY 
ARE  THEY  SPECIFIC  FOR  SENILE 
OF  THE  CONTROLS?  HOW  IMPORTANT 


3.  WHICH  IS  THE  PRIMARY  TARGET  FOR  THE 
DEGENERATION?  DOES  THE  AGING  PROCESS 
STRUCTURES?  DOES  THE  PROCESS  INVOLVE 
PERIKARYA  SECONDLY? 


CHEMICAL  DAMAGE  AND  THE  NEURONAL 


INVOLVE  30’ H  PRE-  AND  PQSTSYNAPTIC 
CnO.IN iRSIC  TERMINALS  FIRSTLY  AND 


4.  ARE  CHOLINERGIC  NEURONS  IN  THE  ?NS  ANO  CNS  EQUALLY  AFFECTED? 


5. 


IS  TUERE 
I YNERVA7 1 


A  RELATIONSHIP  BETWEEN  THE  REDUCTION 
ON  AND  THE  PATHOGENESIS  OF  PLAQUES? 


IN  CHOLINERGIC  CORTICAL 


Choi ineacetyltransferase  is  synthesized  in  the  cell  body  and  then  trans¬ 
ported  to  the  terminal  of  the  cholinergic  neurons  while  acetylcholine  can  be 
synthesized  at  both  locations.  A  defect  could  occur  at  both  places  in  develop¬ 
ing,  adult  or  aging  cholinergic  neurons  (5),  It  is,  therefore,  important  to 
develop  models  of  aging  which  make  it  possible  to  study  cell  bodies  as  well  as 
terminals  in  the  same  population  of  cholinergic  neurons  throughout  the  entire 
life  of  the  animal.  Such  a  model  is  described  in  the  next  section. 


The  avian  iris  as  a  model  of  aging. 

Aged  chickens  are  defined  as  birds  of  age  36  months  or  older.  However,  as 
in  mammals,  incipient  signs  of  senescence  may  appear  in  the  avian  nervous 
system  at  earlier  stages  of  life.  In  the  chicken,  these  early  signs  can  be 
identified  morphologically  and  biochemically  in  the  PNS  of  the  chicken  after  24 
months  of  age  (5)..  -  Approximately  90%  of  adult  weight  as  well  as  sexual 
maturity  are  reached  at  200  days  (7  months)  of  age.  The  rate  of  growth  of  the 
brain  is  very  rapid  at  first  and  then  gradually  decreases  as  the  body  weight 
increases,  becoming  very  small  beyond  300  days  of  age.  Among  degenerative 
signs  related  to  old  age,  the  close  similarity  of  soontaneous  avian 
atherosclerosis  to  the  human  disease  has  been  recognized  since  the  beginning  of 
the  twenthieth  century  (15,17).  A  combination  of  causal  factors  which  remind 
us  of  human  pathogenesis,  such  as  hemodynamic  conditions,  blood  lipids 
(including  elevated  plasma  cholesterol)  and  tnombo genic  mecnanisms  has  been 
demonstrated  in  avians  (17). 

In  addition,  in  the  chicken  as  an  effect  of  age,  blood  pressure  increases 
significantly  in  males  and  females  from  age  10-14  months  to  3ge  42-54  months. 
It  is  interesting  to  note  that  most  of  the  drugs  and  hormones  which  are  pressor 
or  depressor  in  mammals  have  the  same  effect  in  birds  (17). 

Additional  advantages  in  using  the  avian  nervous  system  as  a  model  of 
aging  are:  a)  the  relatively  long  life  span  which  allows  to  observe  gradual 
changes.  In  rodents,  age-related  modifications  occur  almost  abruptly  at  the 
end  of  life,  b)  possibility  of  studying  discrete  populations  of  homogenous 
(cholinergic)  neurons  such  as  in  the  ciliary  ganglion,  maintaining  a  constant 
number  of  cells  throughout  life  span.  c)  possibility  of  investigating 
separately,  cell  body  and  terminals  belonging  to  the  same  neuron  (ciliary 
ganglia  and  iris).  d)  possibility  of  parallel  physiological  and 


pharmacological  testing  of  pupillary  functions  jn  vivo,  e)  a  good  correlation 
between  biochemistry  and  morphology  feasible  through  morphometric  EM  studies 
and  quantitative  cytochemical  analysis  (5). 

The  ciliary  ganglion  preparation  has  proved  to  be  a  useful  and  simple 
neuronal  model  of  cholinergic  synapses  since  its  introduction  in  studies  of 
synaptic  development  and  plasticity  (3,4). 

In  a  series  of  studies  which  has  been  recently  summarized  by  Giacobini 
(5),  we  have  made  use  of  the  ciliary  ganglion  iris  preparation  of  the  aging 
chicken  as  a  model  of  senescent  peripheral  cholinergic  synapses.  In  humans, 
one  predictable  aging  marxer  has  been  emphasized:  i.e.  pupil  function  as 

judged  by  pupil  size.  Senile  miosis,  a  reduction  in  pupil  size  seems  to 
contribute  a  reliable  sign  of  aging  as  the  diameter  of  the  pupil  correlates 
closely  to  age  for  both  the  dark-adapted  and  light-adapted  eye  (7). 
Seventy-five  percent  of  subjects  55  or  older  show  3  mm  pupil  diameter  while  all 
those  under  55  have  pupils  at  least  4  mm  in  diameter.  In  addition,  pupillary 
responses  to  cholinergic  drugs  are  impaired  in  the  elderly  (16). 

Based  on  the  studies  performed  on  the  iris,  an  hypothesis  of  aging  of  the 
cholinergic  synapse  has  been  suggested  (6).  This  hypothesis  contemplates  age 
related  changes  in  carrier-mediated  mechanisms  and  in  molecular  and  physical 
properties  of  neuronal  membranes  leading  to  a  "chemical  denervation"  of  the 
cholinergic  synapse.  The  concept  of  neuronal  aging  as  an  integration  of 
progressive  and  regressive  cell  changes,  involving  specific  membrane  mechanisms 
in  selective  parts  of  cholinergic  neurons  has  been  previously  discussed 
(5,6).  In  order  to  firmly  establish  the  cholinergic  hypothesis  of  neuronal 
aging  in  humans,  several  basic  questions  remain  to  be  answered  (Table  III). 
Experimentally,  a  close  integration  of  biochemical  and  ultrastructural  data  and 
the  development  of  new  tests  to  detect  early  signs  of  pathological  aging  of  the 


cholinergic  system  are  necessary.  In  the  next  section  we  will  describe  an 
attempt  in  this  direction. 

Ability  of  the  aging  cholinergic  synapse  to  take  up  choline,  release  acetyl¬ 
choline  and  to  deplete  and  reform  synaptic  vesicles. 

As  illustrated  in  Fig.  1A,  neuromuscular  junctions  in  the  iris  of  an  aging 
chicken  (2  year)  show  polymorphic  signs  of  damage  such  as,  reduction  and 
polymorphism  of  synaptic  vesicles,  increase  of  neurofilaments  and  mitochondria. 
Accumulations  of  cytoplasmic  organelles  and  lysosomes  are  seen  in  the  axoplasm 
of  the  nerve  fiber  (Fig.  13).  At  later  stages  the  nerve  ending  is  enveloped  by 
Schwann  cells  infiltrating  and  partially  filling  the  synaptic  cleft.  Quantita¬ 
tive  changes  in  the  ratio  describing  the  relation  between  volumes  of  terminals 
and  volumes  of  synaptic  vesicles  showing  a  trend  to  shi*t  to  the  left  are  seen 
from  4  m  to  9  year  (Fig.  2).  This  indicates  a  progressive  defease  in  the 
volume  occupied  by  synaptic  vesicles  (Fig.  2)  and  a  possible  functional 
deficit.  In  order  to  establish  the  nature  of  such  a  deficit,  we  have  examined 
the  ability  of  cholinergic  synapses  in  the  iris  at  various  ages  to  take  up  tne 
precursor  ^.choline  (Ch)  and  release  the  formed  ^H-ACh  in  response  to  high 
K+  (115  mV)  depolarization.  We  have  observed  that  following  release  of  ACh, 
exocytosis  clearly  prevails  on  endocytosis  and  a  nearly  total  depletion  of 
vesicles  is  present  (Fig.  3A).  This  depletion  is  reversible,  as  after  60  min 
incubation  in  a  physiological  medium  the  morphological  recovery  is  almost 
complete  (Fig.  38).  The  scheme  of  a  typical  experiment  is  reported  in  Fig.  4. 
Changes  in  endogenous  levels  of  Ch,  ACh  and  PhCh  (phosphorylchol  ine)  and  in 
release  of  ^H-ACh,  are  expressed  as  percent  differences  of  levels  before  and 
after  depletion  (A-3)  or  depletion  followed  by  a  period  of  recovery  and  a  new 
depletion  (A'-B')  (Table  IV).  For  simplicity,  we  shall  only  comment  upon 
significant  percent  differences  between  young  (4  m)  and  old  (5  y)  animals  which 
represent  the  extreme  ages  studied  (Table  IV),  Under  the  condition  of  the 
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Figure  2:  Summary  of  preliminary  results  of  morphometric  analysis  of  nerve 
encngs  and  synaptic  components  in  the  iris  of  young  adult  (4  mo.) 
and  aged  (5  and  9  years)  chicken.  The  figure  shows  the  percent 


distribution 


/vv/VvS  ratio,  where 


synapt ic 


bouton  volume  fraction;  Vvv  =  synaptic  vesicle  volume  fraction. 
The  results  obtained  by  the  analysis  of  the  iris  NMJ  of  one 
animal/age  group  are  the  average  of  15-20  samples/age.  As  seen  from 
the  figure,  there  is  a  trend  of  the  peaks  to  shift  to  the  left  from 
4  m  to  9  y,  demonstrating  an  age-related  decrease  in  the  relative 
volume  of  synaptic  vesicles. 
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Figure  4:  Scheme  of  Release-Recovery-Depletion 
first  set  of  experiments  (Exp.  I,  Fig.  4  and  Table  IV)  endogenous  ACh  levels 
are  more  significantly  decreased  (56  vs  14%)  in  the  young  animals  than  in  the 
5  y  old,  however  Ch  level  declines  equally  at  both  ages.  The  release  of 
^H-ACh  is  probably  also  more  pronounced  at  4  m  (53  vs  35%)  than  at  5  years. 
The  difference  in  ^H-Ch  and  ^H-PhCh  are  similar  at  both  ages.  Such  changes 


suggest  that  the  mechanism  of  depletion  may  be  more  active  in  young  animals. 


Figure  3:  Iris  muscle  of  a  2-month-old  chicken.  Following  prolonged  depolariz¬ 
ation  with  high-'<+  concentration  (A)  the  nerve  ending  aooears 
almost  depleted  of  synaptic  vesicles.  After  reincubation  in 
physiological  medium  (B)  a  nearly  total  retrieval  of  synaptic 
vesicles  is  achieved.  Calibration  bars  =  1  urn. 


TABLE  IV 


CHANGES  IN  CHOLINERGIC  PARAMETERS  FOLLOWING 
STIMULATED  RELEASE  OF  ACETYLCHOLINE 


■xperixental 

PERIOD 


A  -  B 


A'-  3' 


4  m 
1.5  y 

5  y 

4  m 
1.5  y 
=  y 


PER  CENT  DIFFERENCE 


ACh 

Ch 

-ACn 

-Cn 

-PnCn 

56  ^ 

32; 

S3* 

62 ; 

25* 

2S* 

60^ 

75; 

20* 

30^ 

35; 

69^ 

27 ; 

3^ 

It 

21* 

21 1 

-▼ 

4  ■ 

**-  * 

^  -  * 

29* 

44; 

33  * 

t 

-  f 

3ir 

The  figures  represent  the  mean  of  at  least  th-ee  analyses 
performed  on  a  total  of  five  animals. 

A-3  =  First  period  of  release  -  depletion;  A'-B*s  Second 
oe-icd  of  release  -  depletion;  *  =  labelled  compound  i.see 
rig.  4);  ACh  *  acetylene  1  ine;  Ch  *  choline;  PhCn  * 
ohosoncrylcnol ine 

*  t  Arrows  indicate  positive  (increase)  or  negative 

(decrease)  changes  between  A  and  3  values  (expressed 
as  a  percentage  of  A,  starting  value)  -  e.g.  55^ 
exprcSS  j  release  of  55"  of  the  ACh  o-eseot  at  point  A. 

Wnen  coxpared  to  point  3  (see  Fiq.  4) 

In  the  second  set  of  experiments  (Exp.  II,  Fig,  4  and  Table  IV),  on  tne 
contrary,  endogenous  ACh  levels  are  more  decreased  in  tne  old  animals  and  tne 
percent  decrease  in  Ch  levels  is  also  significantly  more  severe  at  5  y  (45  vs 
IX).  The  formed  ^H-ACh  is  more  depleted  at  5  yea^s  (33  vs  IK)  than  at  4  m. 
This  loss  is  reflected  in  both  Ch  and  PhCh  strong  negative  changes. 

In  conclusion,  experiments  testing  the  uDtaxe  and  release  capacity  of  the 
peripheral  cholinergic  synapse  under  acute  conditions  of  stimulation  suggest 
that  severe  changes  may  occur  at  later  stages  cf  life.  If  a  sufficiency  long 
period  of  recovery  is  allowed,  aging  iris  terminals  are  still  capable  of 
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A 


responding  with  an  adequate  depletion  of  ACh  following  two  subsequent  periods 
of  release  and  reloading.  However,  under  such  strenuous  conditions  both  Ch  and 
PhCh  pools  are  significantly  depleted.  These  experiments  seem  to  point  out  for 
the  first  time  a  specific  functional  defect  in  the  cholinergic  synapse  during 
aging. 
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NOTE  ADDED  AFTER  COMPLETION  OF  MANUSCRIPT 


Three  laboratories  reported  independently  at  this  meeting  some  new  results 
which  confirm  the  loss  of  cholinergic  cells  in  forebrain  structures  of  human 
SCAT  patients.  McGeer  et  al.  reported  a  decline  in  cholinergic  neurons  from 
450.000  in  the  young  adult  to  50-100.000  in  SDAT  patients.  It  should  be  noted 
that  similar  changes  in  cell  number  were  observed  in  two  non-chol inergic  areas 
(locus  coeruleus  and  substantia  migra)  by  the  same  authors.  According  to  these 
authors  age-related  conditions  and  senile  oementia  follow  the  same  pattern, 
however,  in  SDAT  the  insult  is  more  pronounced.  According  to  Bigl  et  al.  (see 
T.  Arendt,  V.  Bigl,  A.  Arendt  and  A.  Tennsteat,  Acta  Neuropathol . ,  61:101-103, 
1933),  the  neuronal  loss  is  70S  in  Alzheimer,  75%  in  Parkinson  (paralysis 
agitans)  and  50%  in  Korsakoff  patients.  Etienne  et  al.  found  a  60-90%  loss  in 
neurons  stained  with  AChE  histochemistry  and  a  60-90%  decrease  in  cell  counts. 
These  three  redent  observations  underline  the  necessity  of  answering  the 
questions  reported  in  Table  III  before  reaching  a  final  conclusion  about  SDAT 
and  involvement  of  the  cholinergic  system. 


Attention:  Replace  Table  I  (enclosed)  as  corrected. 
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Appendix  III 


UTIUJSnOA  OF  CHOU*  TRAMSPORTED  BY  SC3IUM-DCPCM0EMT.  NJGH- 
Af FIMITY  CHOUf  CARRIERS  FOR  ACETYLOCl  IhE  S»RTh£SIS  COMPARISON 
OF  IUT  AMO  GjISEA.PIC  FQREBRAIK  5YMAPTQS0ME $  R.  J.  Pylett, 

T.  J.  Carlton*  a*>d  £.  u.  Col  noun*.  DeparUvnt  c*~FfW*5coTogy  , 
University  0^  lies  tern'  Ontario,  10 net*',  Ont..  Canada.  h6A  SCI. 

Controversy  tints  over  tne  role  of  choline  transoorted  into 
synaotosome*  ty  sooium-oeoencent.  Mqn-f*fir ity  umrs  in  the 
syntnesn  of  ecetylcnol me  iAi.n).  Sone  o*  tv  ctservea  differ¬ 
ences  could  be  oue  to  soeoes  variability  tn  tre  tarameters  mea- 
sureo  and  tne  mechanises  involved,  largely,  studies  have  invol¬ 
ved  the  use  of  ret  end  guinea-pig  brain,  species  wnicn  are  known 
to  differ  •'tn  respect  to  tne  nclecular  fon*  t pi )  of  cnoline 
•cetyl transferase.  In  tne  present  reoort,  wt  conoare  tne  kine¬ 
tics  of  cnolme  transport  and  tne  conversion  of  *H-cnoline  to  3H- 
ACh  in  resting  and  A  -deoolari/ed  synaotosones  prepared  fro*  rat 
and  guinea-pig  foreoram.  Analysis  of  cnolme  transoert  over  tne 
’H-cnoline  concentration  range  0.1  to  100  J*  revealed  typical 
biohasic  kinetics  witn  apparent  Michael  is  constants,  f.,  of  Z  and 
109  ih  and  V  of  b4.3  and  304.6  pmot.ng  crotfin/4  ana  for  rat 
forecrain  syfafttoso*es;  kinetics  of  transport  for  cnolme  into 
Synapt0s»ies  preoared  from  ouinea-019  pram  a-d  not  differ  signi¬ 
ficantly.  following  incubation  of  anticnol mesterase- treated 
SynaptosiTies  with  I  Jt  cnolme,  conversion  c#  *"-Chol  *n#  to  Jn- 
ACn  was  quantitated  by  preparative  nfiC  separation  of  tre  cnolme 
•etaoclites  and  liquid  scintillation  spectrometry  velocity  for 
choline  uctakt  in  rat  brain  synaotosares  1 ;n-cnol me-1  J»  1  was 
2C.2  pmol/mg  prote’n'4  min  of  Wt  was  t-ensocrted  by 

sodium- dependent  processes;  in  comoarison.  cnolme  transport  vel¬ 
ocity  into  9winea-oig  synactosomes  was  16.  7  jm*>l/mg  proiein/4  w»n, 
79;  of  wnicn  was  aooljsvd  m  soau**-free  (litnijx  Sut$t*t.,tec) 
medna*.  In  regular  «  (5  ■*>  medium,  it  was  observed  mat  ?2\  of 

JM-cholme  transported  into  vt  tram  ivnactosomes  oy  soci«a*- 
depenoent  processes  was  acetviatej.  wnile  m  c-mea-no  c**ly  57X 
oj  s^cn  cnolme  was  metabolite*  to  ACh  1  .  Following 

K  <43  fflM'-oeoolar’iatior ,  74.5*  0 4  :'n-cn©,*v  transporter  bv 
soduim-oeptr^ert  recnarnsr;  m  rat  synactesones  was  acetyiated, 
hcn*ever,  m  ouinea-oiq  swotesomes  tris  cawte-  was  s»qnifi- 
cantly  increased  to  73.3*.  *v  net  increase  m  :--:no  me  wotaxe 
fol lowing  k.  - repolarijat 10*  was  U3.5S  and  13’1  m  rat  and  gwmta- 
pig,  resoect’vely,  Votive  to  rest  mo  transport.  Tngs.  *n 
gumea-p-5  s»  votes  ones  me  percentaae  of  c  nc l *  v  transported  v»a 
soci jr^oecercent  carrier,  d'vertea  to  *In  SrWS’S  ’*  increased 
bv  cecoiaruaticr  pf  tv  ne-%e  terminal,  >rse  resets  s-ooest 
tvt  there  nay  oe  d^'Wnces  under1 y»r$  tv  CPwC ;  m-  z*  mo1  me 
transport  to  m«e  en*,*»tic  acetv'ation  rea ct'cn  arj  me  /.-Iwa* 
tion  pf  e»coen;„s  efolme  m  the  $>rtr*es's  if  ACn  tr  synaotosones 
fro 9  bram  cf  r*t  i«c  a-mea-0’3 

( Suppcrtvd  by  tne  Meo’.cal  i-esearen  Council  cf  Caraoa). 
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mens  9  vn  m  tme  RfUASC  of  ncvnzHDum:  non  or  a  mc. 

SYRATTIC  NFSCAIIIRIC  RECEPTOR.  T  t.  ■attm*.  E.  ftiacobmi.  j.s. 
•  lcnardse««.  (SROR:  C.  Su).  OeoV. “TninMci»ogy7  ioutne^n  iTTTI 
nois  University  School  of  Med 'c me,  Sprmgfteld.  It  M708 

The  albtf«  rat  Iris  contains  a  oense  bleius  of  cholinergic 
nerve  terminals  onose  cell  bodies  re  located  m  the  ciliary  9 an. 
gllon.  This  structure  i*  •  oood  Model  for  me  study  of  cno liner, 
fic  function  oue  to  its  taPogeneHy.  Following  cnaracter i<at ion 
of  tne  nigh  affinity  cnoline  (Chi  uotatc  systdi,  tne  electrically 
stimulated  release  of  vet ylcno line  (ACM  was  studied.  *cn  pools 
■ere  labelled  by  uptake  of  3*-Ch  10  ■u»  (1  uM).  Tn*  irises 

were  men  rinsed  and  put  in  a  release  chance*’  modified  from 
Rotashner  (1978).  After  a  10  «m  wasn  tne  tissue  was  stimulated 
by  a  SO  Hr,  20  mA,  S  ms  souare  wave  for  1  mm  «M?e  being  super, 
fused  by  oiygenated  Elliots  B  buffer.  The  perfusate  was  col¬ 
lected  into  scintillation  vials,  after  *tcn  2  ml  of  cocktail  was 
•ddto  and  tne  radioactivity  released  was  determined  by  liquid 
scintillation  counting.  Tne  tntija  'eased  was  expressed  as  a 
percent aoe  of  tne  total  trltima  present  in  tne  tissue  at  tne  time 
of  release.  Me  demonstrated  mat  tne  tritlma  released  was 
9S-100K  J»cAdt.  Tne  re*ease  of  A>  «as  found  to  be  ha*. 
Ca**  and  tveeratjre  dependent.  Tne  addition  of  uopalmime 
(10"*-1\>**M|  increased  tne  0f  acn  up  to  ;y3f 

while,  tne  addition  of  cnolme  (13*3*'.  decreased  tne  release 
of  ACn.  tnu  decrease  in  release  was  reversed  by  tne  addition  of 
10~h*  scopolamine,  demonstrating  tne  presence  of  a  presy**p- 
t  ic  OMScarimc  receptor,  as  nas  been  described  m  otner  tissues. 
Tne  addition  of  tne  4rrevers'blt  cno  11 nester ave  inhibitor  01  Iso¬ 
propyl  fluoropno  senate  (!KF‘  (10*4,  20’^,  10-4M)  into 

tn#  supprf us>on  buffer  resulted  m  a  significant  decrease  m  tne 
stimulated  release  of  ACn  with  esterase  activity  inhibited  by 
more  man  90S  Off  at  ID*7  and  13*M  inhibited  esterase 

activity  by  69  and  40B,  respectively,  but  had  no  effect  on  tne 
re'ease  0'  ACh.  T*»s  decrease  on  me  'e’ease  of  A>  was  found  to 
be  total  iy  rnri'Di*  w’tn  the  addition  0*  10‘°w  scopolamme 
mto  t»*e  Puffer.  Tne  decrease  m  release  of  ACn  py  Off  can  oe 
attribute*  to  me  arc4»u ■  at  «on  of  ACn  »n  the  synaomc  deft  m>d 
consequently  its  ago* » sne  effect  an  tne  presynaotic  muscanmc 
receotor  tkriyk  decreasing  release  of  *Cn.  Tne  muscarinic 
an* agonist  scoooiamme,  at  a  concentration  wne-e  itse'f  Coes  not 
t#fec:  release,  wis  able  to  totally  reverse  mis  effect.  Tnis 
data  Demonstrates  tne  presence  o*  a  presv"aotic  wuscarmic  recep¬ 
tor  or  cholinergic  termma  s  m  tne  r*»  711  aro  suggests  a  mecn- 
amsw  by  ^icn  Df**  decreases  me  *-,tfise  of  A3h  f-o»  cnoltne*gic 
terminals.  (Supported  by  Air  force  grant  #81-3229  and  83-uCSi.) 


2*3  13  SECRETION  OF  *M- ACETYLCHOLINE  FROs«  <*t  tNEA-»lC  R.£fJM 
A’YTN'TE RlC  PLEXVS  ;s  ESMAVCEO  BY  !NN,M*TObS  OF  P«CbDHO- 
PIESTERASE.  P.  Alor-tm  aru?  «.  Sn::<*r?->*.  *spo\:  P.  CreeifarcJ. 
O-v  sion  pf  f ■p*‘rT'-'en:a:  's*ec  cine,  SaTionjj  release  Research 
Institute.  S-9CI  S?  I'n-ei.  Swre<*en. 

The  secret*on  of  arutvj<~no,ifu»  <ACK1  :i  ;a*etf  hv  presvnapt;C 
muscarinic  feedback  inr>.bit«on.  TV  possible  invo.ve'T'ent  cf  encoeenous 
cvehc  »w/ciecfiops  i«  r*o  cortrol  was  mvestivatnd  us.n*  rwn  tru>:5,tor» 
of  phosorod  tester  a  se.  The  ACh  vtores  of  t^e  cnoi.-nerex  nerves  of  the 
mv enter tc  pievus  of  tne  ryTri-p  r  uesim  lort.t  jc  nal  enisc.e  oreoa- 
ration  were  laoeued  w:th  H-rhohne.  The  preparation  was  •nosr'ted 
in  an  orean  Oamoer,  and  suoertuseo  w.th^Tv-ooe  solution  contaminq 
hemicholimum-3  UG"'  Ml  and  eserme  1 1 0" '  ML  Stimulation  was  with 
•ravss  ©f  ISO  snorns  (0.3  ms,  129  V)  at  a  low  freouenev  «9.3  Hi).  W 
results  are  expressed  at  the  evowed  fractional  secretion  ef  total  h. 
Addition  of  3-aoOutvl^-metnvisanthine  liBMX.  2.23  eMi  ewtanced  the 
evowed  secretion  of  'H-ACh  bv  99  ♦  28  %  <nr4.  cxC.OCll.  From  tfm 
efferts  of  IBVX  (1-3  mil.  n=’l  t^e  concentration  vieldin*  fmlf-mai  mal 
enhancement  *•»  determined  to  oe  2.G  mV.  Tv  maximal 

increase  over  the  control  lewei  at  mfmtteiv  hifh  concentravon  of 
IBM.<  (V^  1  wav  estimated  to  be  1*0  %.  Father  more,  the  effects 

of  1BMX  (I  or  2  mMI  were  not  altered  bv  atroome  (10  5  AH.  .A 
structurally  different  jinhibitor  of  ohosonodierterase.  SO  23.006, 
also  fcifhtlv  enhanced  tne  H-ACh  secret  .on  but  within  a  »**v  narrow 
concentration  ranee.  TV  v*cret«on  «as  enharwed  bv  *9-1  lOM^  bv  SO  20.004 
(Ol 9-0.3  mMI.  Above  thm  rant*  the  secretior  was  enhanced  o*asticaHv, 
•  bout  10- fold,  and  was  probably  not  related  to  tne  inhibition  of 
phosphodiesterase.  The  results  sueyest  that  e^doeenous  cvclic 
^ucleotides  are  not  involved  m  muscarinic  "automhibition"  of 
H-ACh  secretion  #1  fumea-pif  ileum  rr venter k  plexus.  However, 
it  is  conceivable  that  anenosme  J\V-cvg»te  rr'onoor>osonate  mav 
be  involved  in  me  enhancement  of  evowed  H-ACh  secretion  caused 
bv  activation  of  other  receptors. 


2*3  Id 


y  c-cliae  'm'-rsts  ;n  rut  AfSEncr  c*  release; 

0E?tn.«n;E  ts  ;a.:.  *  *s:  pj*r.  »  :  *inj, 

Oe&arinent  o#  Fhtsidiog*,  Viill  u*>t»e*>f ity,  MDntreaST'Jinaga 

Hji  1*8. 

f  Cl  1  CM»ino  «  1*  W  inr.'r»f?r*  C*  TV  sr'd'i^  CU*P  1**  tV  C«t 

Suberipr  cr»\il  uarqltpr  p«  ;er*«ttcn  w»m  x-*ree  tocke  soiu- 
tio»“,  a  10  wm  recovery  ir  no— a*  kac*e  produced  a  Si*  mevese 
in  acetvichol'v  stcres.  The  mcvssr  Slavs  occurred  mmcut 
increase  »e  acer* tcvi > v  •* cease  >.t  mu  oroceouv  of  c»ro 

tnntbition  followed  t*  v:ove»“r  seie:t»vei*  activates  areiricho- 
1  me  svrtnesis.  Tee  increase  m  steles.  w*icn  occurred  entirely 
Cjrina  tv  10  am  re ccve*v  period  1-  ur»Cn  1*1,  sedijn  c^o  «as 
reactivated,  vovsenfs  a  rate  of  svmesis  of  acetvichclme  of 
S.ll  0*  stores  per  wie;  eoua)  tc  tv  haii*j»  rate  mat  can  be 
achieved  during  men  fvouevv  cvca-jlvm;  vrve  stimulation. 

Tre  increase  was  net  affected  by  s-citit-fna  isethionate  for 
Chloride  in  tV  oer*uSi©n  fluiflS  It  was  erfvented  bv  voweing 
sodi^r  to  ?S  m  me  s-free  lock  ano  a'so  ?re»enrW  ^  omitting 
calcii*  fror  the  rerfufton  fluids.  It  is  concluded  mat  tv 
selective  arttvatipn  o#  ace Tylcv’.ire  sv^mei’s  ♦ollowmo  tv 
iM-se  m  sPC’.m  oi^oi rq  .41  a  dire-;:  vs„.t  c*  a«  increased 
sodima  o^o  rate  a*a  an  increase  m  internal  calciux  m  the 
nerve  terwir.qis  St  is  orboosed  that  similar  ionic  events 
oroduced  tv  voetitive  we  iwoulses  likewise  activate  acetyl¬ 
choline  smthesis  moerenoent ly  0?  release  of  transmitter  or 
depletion  cf  stovs . 


' ji  xViu'i  niery  i'c  Vurrc'c  iort  symp. 
=-0gleb'ay,  W.Va.  Oct.  30  thru  Nov.  4,  1933— 
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AGING  OF  CHOLINERGIC  SYNAPSES:  FICTION  OR  REALITY?  Ezio  Gjacobjrn,  Southern 
Illinois  University  School  of  Medicine,  P.O.  Box  39257  Springfield,  Illinois 
62708  USA 

'^Combined  neuropathological  and  biochemical  evidence  suggests  that  a  primary 
degeneration  of  cholinergic  axons  projecting  to  the  cortex,  and  a  secondary 
reduction  in  number  of  cholinergic  neurons  may  occur  in  specific  subcortical 
nuclei  (basal  forebrain),  during  pathological  aging  in  humans.  The  factors 
inducing  such  a  selective  loss  in  cholinergic  function  are  not  known.  Quantita¬ 
tive  analysis  of  neuronal  population  density  and  biochemistry  show  that  neurons 
and  synapses  other  than  cholinergic  may  also  be  affected  by  the  same  aging 
process.  Variable  data  have  been  reported  with  regard  to  the  relationship 
between  neuronal  losses  and  cholinergic  changes  and  to  the  magnitude  of  the 
reductions. _  In  order  to  firmly  establish  a  cholinergic  hypothesis  of  senile 
dementia,  we  will  first  discuss  relevant  questions  such  as: 

1.  Are  biochemical  changes  selectively  localized  to  certain  brain  nuclei  or_ 
are  they  distributed  to  all  cholinergic  synapses  in  the  CNS? 

2.  Are  changes  related  to  the  normal  cerebral  aging  process,  i.e.  are  they 
mechanisms  of  enzymatic  adaptation  or  are  they  specific  for  senile 
dementia?  How  important  is  the  age  range  of  the  controls?  How  imoortant 
is  the  severity  of  the  disease? 

3.  Which  is  the  primary  target  for  the  chemical  damage  and  the  neuronal  degen¬ 
eration?  Does  the  aging  process  involve  both  pre-  and  postsynaotic  struc¬ 
tures?  Does  the  process  involve  cholinergic  terminals  firstly  and 
perikarya  secondly? 

4.  Are  cholinergic  neurons  in  the  PNS  and  CNS  equally  affected? 

5.  Is  there  a  relationship  between  the  reduction  in  cholinergic  cortical 
innervation  and  the  pathogenesis  of  plaques? 

I 

In  the  second  part  of  our  presentation,  a  model  of  peripoeral  cholinergic 
ag ing”  tne  iris’,  wTTT  be  introduced.  This  model  allows  us  to  stjoy  major 
cholinergic  parameters  together  with  pupillary  function.  In  humans,  pupillary 
size  constitutes  a  predictable  marker  of  age-related  pupillary  function  and 
senile  miosis  seems  to  contribute  a  reliable  sign  of  aging  of  the  cholinergic 
innervation  of  the  eye.  Observations  will  be  presented  which  support  the  view 
that  terminals  of  cholinergic  neurons,  particularly  in  the  PNS,  represents  more 
vulnerable  targets  of  aging  process  than  cell  bodies.  Recent  attempts  to 
characterize  the  cholinergic  damage  to  synaptic  membrane  function  will  be 
discussed. 


Supported  in  part  by  AFOSR  grant  *83-0051  and  Nowatski  Eye  Fund 
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EFFECTS  OF  OFP  ON  ACETYLCHOLINE  METABOLISM  AND  RELEASE  AND  PUPILLARY  FUNCTION  IN 
THE  RAT.  T.G.  Mattio.  J.S.  Richardson  and  E.  Giacobini,  Southern  Illinois 
University  Scnool  of  Medicine,  P.0.  Box  3526,  Springfield,  Illinois  62708  USA 

The  effects  of  acute  topical  administration  of  di isopropyl  phosphor uf luor i- 
date  (DFP)  on  cholinergic  biochemistry  and  ACh  release  were  determined  and 

correlated  to  oupillary  function  in  the  rat.  OFP  (5  uq)  reduced  acetylcholin¬ 
esterase  ( AChE )  activity  to  36*  at  1  min  and  to  8%  after  5  min  and  remained 

decreased  for  up  to  6  hrs.  Pupillary  area  was  normal  at  1  min  and  by  3.5  to  4 

min  complete  miosis  occurred  and  no  light  reflex  could  be  elicited  for  up  to  6 
hrs.  Acetylcholine  (ACh)  levels  were  increased  34%  at  1  min  and  by  5  min  showed 
a  54%  increase.  This  increase  remained  stable  for  120  min  after  which  it 

decreased  to  29%  at  6  hrs.  Choline  levels  were  decreased  22%  at  5  min  but 
recovered  by  15  min  and  remained  at  control  levels  through  all  time  points 
studied.  The  presence  of  a  presynaotic-muscarinic  receptor  was  demonstrated  in 
the  iris.  The  role  of  this  receptor  in  inhibiting  ACh  release  in  the  presence 
of  DFP  was  also  determined.  OF?  snows  an  inhibitory  effect  on  ACh  release  which 
was  blocxed  by  scopolamine  suggesting  that  it  is  mediated  througn  a  muscarinic 
receptor.  Tne  rat  iris  proved  to  be  a  good  model  for  studying  of  AChE  agents 
since  biocnemical  *inainas  are  easily  correlated  to  pnysiological  effects  on  the 
pupil . 

Supported  in  part  by  AFCSR  grant  *83-0051  and  Nowatski  Eye  Fund. 
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A  SPECIFIC  FUNCTIONAL  DEFECT  OF  PERIPHERAL  CHOLINERGIC  SYNAPSES  DURING 
AGING 

Mussini,  I.*,  Mattio,  T.G.*,  Giacobini,  E.  and  Richardson,  J.S. 

Oept.  Pharmacol.,  So.  Ill.  Univ.  Sch.  Med.,  Springfield,  IL  62703  USA 
Neuromuscular  junctions  in  the  iris  of  aging  (2-4  yrs)  chicken  show 
polymorphic  signs  of  degeneration  such  as  reduction  and  polymorphism  of 
synaptic  vesicles,  increase  of  neurofilaments  and  mitochondria.  Accumula¬ 
tions  of  cytoplasmic  organelles  and  lysosomes  are  seen  in  the  axoplasm  of 
the  nerve  fiber.  At  later  stages  (5-9  yrs)  the  nerve  ending  is  enveloped 
by  Schwann  cells  infiltrating  and  partially  filling  the  synaptic  cleft. 
Quantitative  changes  in  the  ratio  describing  the  relation  Vwv/Vvs 
between  volumes  of  terminals  (Vvv=synaptic  bouton  volume  fraction)  and 
volumes  of  synaptic  vesicles  (Vvv  =  synaptic  vesicles  volume  fraction) 
show  a  decrease  from  .4  to  .2  between  4  month  and  9  years.  This  indicates 
a  progressive  decrease  in  the  volume  occupied  by  synaptic  vesicles  and  a 
possible  functional  deficit.  We  examined  the  ability  of  cholinergic 
synapses  in  the  iris  at  various  ages  to  take  up  the  precursor  ^-choline 
(Ch)  and  release  the  formed  ^H-acetylchol ine  (ACh)  in  response  to  high 
K*  (115  mM)  depolarization.  We  have  observed  that  following  release  of 
ACh,  exocytosis  clearly  prevails  on  endocytosis  and  a  nearly  total  deple¬ 
tion  of  vesicles  is  present.  Under  acute  conditions  of  stimulated  release, 
aging  terminals  are  still  capable  of  an  adeouate  depletion  of  ACh.  How¬ 
ever,  under  more  strenuous  conditions  of  multiple  kinas  of  leading-reload¬ 
ing  and  release  both  Ch  and  phosohorylchol ine  are  sicnf icantly  depleted. 
These  experiments  point  out  for  the  first  time  a  specific  functional  defect 
in  the  cholinergic  synapse  during  aging. 

(Supported  by  AF3SR  Grants  81-9229;  83-0051,  Nowatsky  Eye  Research  Founda¬ 
tion  ano  E.F.  Pearson  Foundation  to  E.G.) 


A  SPECIFIC  FUNCTIONAL  DEFECT  OF  PERIPHERAL  CHOLINERGIC  SYNAPSES  CL'R.NG  AGING 
Giacobini ,  Ecio 

So.  Ill.  Univ.  Sch.  Med.,  P.0.  Eox  3925,  Springfield,  IL  627C8 
217/785-2185 
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THE  ROLE  OF  A  PRESYNAPTIC  MUSCARINIC  AUTORECEPTCR  IN  ACETYLCHOLINE  RELEASE 
FROM  RAT  IRIS 

Mattio,  T.G.*,  Giacobini,  E.  and  Richardson,  J.S. 

.  Oept,  Pharmacol.,  So.  III.  Univ.  Sch.  Mea.,  Springfield,  IL  62703  USA 
The  release  of  acetylcholine  (ACh),  both  in  central  and  peripheral 
nerve  tissues,  is  controlled  by  a  presynaptic  muscarinic  autoreceptor  that 
is  responsive  to  exogenous  and  endogenous  muscarinic  agents.  In  the  albino 
rat  iris  we  have  demonstrated  the  presence  of  a  muscarinic  autoreceptor  and 
elucidated  its  role  after  acetylcholinesterase  (AChE)  inhibition  by  di- 
isopropylf luorophosphate  ( OF P ) .  The  electrically  stimulated  release  of  ACh 
(50  Hz,  20  mA,  5  ms  sauare  wave)  in  the  rat  iris  was  shown  to  be  tempera¬ 
ture,  Na*  and  Ca++  dependent.  Addition  of  10  ,M  and  10_:iM 
scodoI amine  in  the  superfusion  buffer,  increased  ACh  release  by  190  and 
1501,  respectively.  The  addition  of  10  ,  10"^  and  10*°M  OF? 

in  the  buffer  sigificantly  decreased  the  release  of  ACh  and  inhibited  AChE 
activity  by  more  than  901.  -This  inhibition  of  ACh  release  was  totally 
reversed  by  scopolamine  (10*°M)  indicating  the  involvement  of  a  muscar¬ 
inic  autoreceptor.  The  accumulation  of  ACh  in  the  synaptic  cleft  after 
DFP,  results  in  muscarinic  activation  and  a  consequent  feedback  inhibition 
of  ACh  release.  Further  character ization  of  this  autoreceotor  and  its  role 
after  AChE  inhibition  will  be  described. 

(Supported  by  Grant  AF0SR-33-0051  to  E.G.) 


:  ROLE  OF  A  PRESYNAPTIC  MUSCARINIC  AUTORECEPTCR  IN  ACETYLCHOLINE  RELEASE 
:v  P.AT  IRIS 

Giacobini ,  Ezio 

So.  Ill.  Univ.  Sch.  Mec.,  P.C.  Box  3925 ,  Springfield,  IL  627C3 
217/785-2185 
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THE  ROLE  OF  A  PRESYNAPTIC  MUSCARINIC  AUTO¬ 
RECEPTOR  IN  ACETYLCHOLINE  RELEASE  FROM  RAT 
IRIS. 


T.G.  Mattio,  E.  Giacobini  and  J.S.  Richardson. 
Department  of  Pharmacology,  So.  Ill.  Univ. 
Sen.  Med.,  Springfield,  IL  62703  USA 


In  the  albino  rat  iris  we  have  demonstrated 
the  presence  of  a  muscarinic  autoreceotor  and 
|eljcidated  its  role  after  acetylcholinesterase 
(AChE)  inhibition  by  di isopropylf luoroohos- 
lonate  (DFP).  The  electrically  stimulated 
release  of  ACh  (50  Hz,  20  mA,  5  ms  sauare 
[wave)  in  the  rat  iris  was  shown  to  be  tempera¬ 
ture,  Na+  and  Ca+*  dependent.  Addition 
Jo f  10— M  and  10‘3M  scoool  amine  in  the 
suoerfusion  buffer  increased  ACh  release  by 

of 
the 

uu^fer  sigificantly  decreased  the  release  of 
ACh  and  inhibited  AChE  activity  by  more  than 
90%.  This  inhibition  of  ACh  release  was 
jtotally  reversed  by  scopolamine  (10*3M, 
indicating  the  involvement  of  a  muscarinic 
autoreceptor .  The  accumulation  of  ACn  in  the 
[synaptic  cleft  after  DFP,  resjlts  in  muscar¬ 
inic  activation  and  a  conseouent  feedback 
inhibition  of  ACh  release.  (Supported  by 
fcrant  AF0SR-33-0051) 


190, and  ISO?,  respectively.  The  addition 
10—,  10-3  and  10'6M  OF?  in 
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GIACOBINI,  E.,  MUSS IJII,  I.  and  MATT  10,  T. 

"Aging  of  Cholinergic  Synaoses  in  the  Avian  Iris" 

Department  of  Pharmacology,  Southern  Illinois  University  School  of  Meaicine, 
Springfield,  Illinois  62708 

We  have  made  use  of  the  ciliary  ganglion-iris  preparation  of  the  aging 
(1.5-9  yrs)  chicken  as  a  model  of  senescent  peripheral  cholinergic  synaoses. 
Neuromuscular  junctions  in  the  iris  of  aging  chickens  show  early  (1.5  yrs) 
morphological  signs  of  damage  such  as,  reduction  ano  oolymoronism  of 
synaotic  vesicles  and  increase  of  neurofilaments  and  mitochcndr i a.  Accumu¬ 
lations  of  cytoolasmic  organs' les  and  lysosomes  are  seen  in  the  axoplasm  of 
the  nerve  fiber.  At  later  stages  (5-9  yrs),  the  nerve  ending  is  enveloped 
by  Schwann  cells  infiltrating  ana  filling  the  synaotic  cleft.  Quantitative 
morphometric  changes  in  tne  ratio  describing  the  relaticnso'o  between 
volumes  of  terminals  and  volumes  of  synaptic  vesicles  show  a  progressive 
decrease  in  the  volume  occuDieo  by  synaotic  vesicles.  The  ability  of  the 
cholinergic  synapses  to  ta<e  uo  ^H-choline  and  release  the  formed 
■^H-acetylcnol ine  (ACh)  in  response  to  high  iC-deoal arizition  is  impaired 
at  5  yrs  resulting  in  a  significant  depletion  of  the  ^H-ACh  releasaole 
pool.  These  experiments  seem  to  point  out  for  the  first  time  a  selective 
functional  defect  in  the  cholinergic  synaose  during  aging.  (Supportea  by 
AFOSR  Grant  Nl-144  ana  by  Nowatsxi  Eye  Research  Fund  to  E.G.) 


